The data used to generate the figures is displayed in the Supporting Information, together with representative Immuno-blots for each protein.

Introduction {#sec001}
============

Bronchial epithelial cells (BEC) are the main target of rhinovirus infection, which is the most frequent cause of common cold as well as exacerbation in patients with asthma and COPD \[[@pone.0210702.ref001]--[@pone.0210702.ref003]\]. Exacerbations are the main cause of disease severity and progression \[[@pone.0210702.ref001],[@pone.0210702.ref002]\]. Rhinovirus infection correlates with the seasonal frequency of exacerbations in asthma and COPD patients and it was suggested that preventive measures reducing viral infection would benefit these patients \[[@pone.0210702.ref004], [@pone.0210702.ref005]\].

EPs 7630, a proprietary aqueous-ethanolic extract from *Pelargonium sidoides* roots, has been shown to shorten viral infections. It is widely used in the treatment of acute airway infections and has been investigated as an add-on therapy for asthma and COPD patients. However, the mechanism of the protective effect of EPs 7630 is not completely understood. EPs 7630 significantly reduced bacterial and viral infection by immunomodulatory actions \[[@pone.0210702.ref006], [@pone.0210702.ref007]\]. In childhood asthma, a 5 day application of EPs 7630 significantly improved symptoms of a viral infection of the upper respiratory tract \[[@pone.0210702.ref008], [@pone.0210702.ref009]\]. In acute bronchitis, a 7-day course with EPs 7630 improved symptoms and significantly increased the proportion of patients able to attend kindergarten, school or work on day 7 compared to placebo \[[@pone.0210702.ref010], [@pone.0210702.ref011]\]. EPs 7630 has demonstrated antiviral effects against a broad panel of respiratory viruses \[[@pone.0210702.ref012]\].

Besides directly eliminating viruses, it may be possible to prevent infection by reducing the expression of proteins that enable the virus to dock to the cell surface \[[@pone.0210702.ref005], [@pone.0210702.ref013]\]. In regards to lung diseases, such preventive anti-viral strategies have not been investigated. However, in other conditions rhinovirus infection was reduced by blocking ICAM-1, suggesting that this molecule functions as a docking protein and supports infection \[[@pone.0210702.ref014], [@pone.0210702.ref015]\]. In addition, ICAM-1 mediated rhinovirus-induced inflammation in asthma and COPD \[[@pone.0210702.ref016], [@pone.0210702.ref017]\]. However, the study by *Mukhopadhyay et al* \[[@pone.0210702.ref016]\] was not supporting the hypothesis that ICAM-1 is necessary for rhinovirus infection as described for COPD \[[@pone.0210702.ref014], [@pone.0210702.ref017]\].

The inducible costimulatory (ICOS) and its ligand ICOSL are expressed by human BEC (hBEC) and therefore may support the function of antigen presenting immune cells \[[@pone.0210702.ref018]\]. In other lung epithelial cell types ICOS expression was linked to ICAM-1 and major histocompatibility protein-1 mediating antigen presentation \[[@pone.0210702.ref019], [@pone.0210702.ref020]\]. Concerning asthma, ICOSL stimulated airway smooth muscle cell proliferation and thus may contribute to hyperplasia in asthma \[[@pone.0210702.ref021]\]. In the epithelial cell membrane several proteins, summarized as collectins, are expressed and modify the immune response to infections \[[@pone.0210702.ref022]\]. These proteins have to form complexes, which signal through C1qR (cell surface calreticulin, ecto-calreticulin, calregulin). Interestingly, cell surface C1qR has been reported to bind enteroviruses and to induce phagocytosis, thereby increasing anti-viral cell response in other cell types than epithelial cells \[[@pone.0210702.ref023], [@pone.0210702.ref024]\]. In human bronchial epithelial cells bacterial cell extracts up-regulated C1qR expression by activation of extracellular mitogen activated protein kinases 1/2 \[[@pone.0210702.ref025]\]. In human immune cells, EPs 7630, reduced the expression of virus stimulated secretion of TNF-α and IL-10, while it up-regulated IL-6 (interferon β2) through p38 mitogen activated protein kinases \[[@pone.0210702.ref026]\]. However, a link of EPs 7630 treatment and virus binding proteins has not been investigated for rhinovirus in the context of asthma and COPD.

Rhinovirus infection was reduced when the host cell expressed β-defensin \[[@pone.0210702.ref027]\]. Immuno-modulating bacterial lysates up-regulated the expression of β-defensin-2 in the mucosa of human volunteers, but the consequence for viral infections was not determined \[[@pone.0210702.ref028]\]. However, the observation that β-defensin-1 was highly expressed by COPD patients, puts the potential protective role of β-defensins into question \[[@pone.0210702.ref029]\], as COPD patients frequently suffer from exacerbations due to viral infection including rhinovirus \[[@pone.0210702.ref002]\]. In childhood asthma the use of bacterial extracts increased the expression of β-defensin which correlated with reduced exacerbation/infection rates \[[@pone.0210702.ref030]\].

Rhinovirus infection was increased when suppressor of cytokine signalling 1 (SOCS1) was up-regulated by transforming growth factor β in BEC, suggesting an anti-viral effect of SOCS1 \[[@pone.0210702.ref031]\]. In asthma, SOCS1 expression negatively correlated with RV16 or RV1 induced cytokine secretion by BEC \[[@pone.0210702.ref032]\]. Thus, the results of the latter study also indicate that different strains of rhinovirus may have distinct effects on this host defence mechanism. In monocytes, rhinovirus up-regulated SOCS1 expression on the mRNA level, which correlated with reduced secretion of anti-inflammatory cytokines such as CXCL10 and IFN-α \[[@pone.0210702.ref033]\]. Therefore, the role of SOCS1 in response to rhinovirus infection may be cell type specific and should be further investigated.

In this study, we assessed the effect of EPs 7630 on the expression of cell membrane proteins, which may play a role in rhinovirus infection, and on anti-viral host defence proteins in primary hBEC of patients with asthma or COPD as well as in non-diseased controls.

Material and methods {#sec002}
====================

Patients {#sec003}
--------

The study cohort consisted of healthy probands (n = 6), asthma (n = 6), and COPD (n = 6) patients. Healthy controls have been selected from patients undergoing diagnostic bronchial biopsy for other reasons than asthma or COPD. The ethical approval to obtain the required tissue samples was approved by the local ethical committee, EK Nordwest und Zentralschweiz (EKNZ BASEC 2016--01057) and each patient gave written informed consent.

Tissues were obtained from either non-diseased lung tissue obtained from patients undergoing lung resection for lung metastasis cancer therapy (Thoracic Surgery, University Hospital Basel, Basel, Switzerland).

Asthma patients were classified as Mild--sever according to GINA guidelines (Pneumology Clinics, University Hospital Basel, Basel, Switzerland).

COPD patients were classified according to GOLD guidelines (Pneumology Clinics, University Hospital Basel, Basel, Switzerland)

Patients with acute exacerbation or known viral/bacterial infection were excluded.

Tissue donor characteristics are displayed in [Table 1](#pone.0210702.t001){ref-type="table"}.

10.1371/journal.pone.0210702.t001

###### Patient details (FEV1: forced exhaled volume over 1 second; FCV: forced vital capacity; NA: not available).

![](pone.0210702.t001){#pone.0210702.t001g}

  diagnosis        age              gender       FEV1 (%)          FCV (%)           mediaction (2 weeks before biopsy)
  ---------------- ---------------- ------------ ----------------- ----------------- ------------------------------------
  **controls**                                                                       
  **1**            **45**           **male**     **NA**            **NA**            **NA**
  **2**            **75**           **male**     **134**           **128**           **none**
  **3**            **61**           **female**   **NA**            **NA**            **none**
  **4**            **75**           **male**     **98**            **106**           **none**
  **5**            **32**           **female**   **94**            **97**            **none**
  **6**            **39**           **male**     **71**            **74**            **none**
  **Mean ± SEM**   **54.5 ± 8.3**                **99.2 ± 11.6**   **101.2 ± 9.9**   
  **asthma**                                                                         
  **1**            **51**           **male**     **106**           **124**           **ICS + LABA**
  **2**            **57**           **female**   **29**            **75**            **ICS + LABA**
  **3**            **20**           **feamle**   **58**            **73**            **ICS + LABA**
  **4**            **66**           **female**   **34**            **79**            **ICS + LABA**
  **5**            **19**           **female**   **69**            **70**            **ICS + LABA**
  **6**            **67**           **male**     **61**            **85**            **ICS + LABA**
  **Mean ± SEM**   **46.7 ± 9.8**                **59.5 ± 12.4**   **84.3 ± 8.9**    
  **COPD1**                                                                          
  **1**            **76**           **male**     **20**            **46**            **ICS + LABA**
  **2**            **54**           **male**     **49**            **76**            **ICS + LABA**
  **3**            **74**           **male**     **36**            **69**            **ICS + LABA**
  **4**            **73**           **female**   **57**            **82**            **ICS + LABA**
  **5**            **60**           **female**   **76**            **128**           **ICS + LABA**
  **6**            **53**           **male**     **42**            **90**            **ICS + LABA**
  **Mean ± SEM**   **65.0 ± 4.7**                **46.7 ± 8.5**    **81.8 ± 12.1**   

Drug {#sec004}
----

**EPs 7630** was supplied by Schwabe Pharma AG, 6403 Küssnacht am Rigi. The compound was dissolved in cell culture medium to the final concentrations before being applied to the cell cultures.

BEC isolation and characterisation {#sec005}
----------------------------------

This has been published earlier \[[@pone.0210702.ref025], [@pone.0210702.ref034]\]. Small pieces of bronchial tissues (1 x 1 x 1 mm) were placed into cell culture vessels, which were pre-wetted with BEC specific medium Cnt-PR-A (CellnTech, Bern, Switzerland). The medium was replaced every second day and cells were passaged by mechanical shaking of dividing cells. Cells were characterised by positive staining of E-Cadherin and Pan-Keratin, and negative staining for fibronectin \[[@pone.0210702.ref025]\].

Ratio live/death cells {#sec006}
----------------------

Cells were treated with either EPs 7630 and/or infected with RV for 24 hours and were then stained a live for the ratio of live (blue)/dead (green) cells according to the manufacturer's instructions (Molecular Probes, Mammalian cell viability, Thermofisher Scientific, Switzerland). Cells were incubated for 30 minutes with the double stain solution at 37oC and then monitored and photographed by EVOS cell imaging system (Thermofisher Scientific). The ratio of green to blue cells was counted and calculated as percentage of total cells.

Rhinovirus (RV) infection and determination of infection rate {#sec007}
-------------------------------------------------------------

The RV strain used for the experiments has been described earlier and was identified as RV16 \[[@pone.0210702.ref035]\]. For the experiments described below, we have used the same stock described earlier \[[@pone.0210702.ref035]\].

HBEC were infected with 1x multiplicity of infection (MOI) of RV16 for up to 3 days. The infection rate was determined by immunofluorescence staining using an anti-RV16 antibody (cat\# 18758, QED-Bioscience Inc. San Diego, USA). Cells were seeded into 8-well chamber slides (Thermofisher Scientific, Switzerland), and treated with either RV16 and/or EPs 7630, as indicated in the treatment schemata provided in [Fig 1](#pone.0210702.g001){ref-type="fig"}.

![Treatment of hBEC with EP 7630 and RV16 infection.](pone.0210702.g001){#pone.0210702.g001}

After treatment, the cells were fixed in 4% formalin (in PBS) for 5 minutes after washing with PBS. The fixed cells were washed 2x with PBS and permeabilised for 15 minutes with 0.01% TWEEN-100 in PBS. Unspecific binding was blocked with 2% bovine serum albumin (30 minutes in PBS) before being incubated overnight (4 ^o^C) with the anti-RV16 antibody (1:100 dilution). Following 3 washes with PBS, cells were incubated with an anti-mouse FITC labelled antibody (Abcam, Switzerland) for 1 hour at room temperature. After 3 washes with PBS, the number of RV16 positive cells was counted by immunofluorescence microscopy (EVOS FLoid cell imaging station, Thermofisher Scientific) and nuclei were stained for cell counting using the distributor's live cell reagent (Thermofisher Scientific).

RV- polymerase chain reaction {#sec008}
-----------------------------

Polymerase chain reaction was performed with the following primers: RVqR447f: `5’-GGC CCC TGA ATG YGG CTA A-3’` qR561r: `5’-GAA ACA CGG ACA CCC AAA GTA G-3’`, following the protocol described by others \[[@pone.0210702.ref036]\]. The PCR products were analysed by gel electrophoresis.

Immuno-blotting {#sec009}
---------------

Immuno-blotting for protein analysis has been described earlier \[[@pone.0210702.ref025]\]. Following protein separation through a gradient polyacrylamide gel (4--12%) and electro-blotting onto a PVDF membrane, proteins were identified and their expression rate determined by Western-blotting. The following proteins were detected: β-defensin-1, C1qR, ICAM1, ICOS, ICOSL, MYD88, and SOCS (all Abcam, Cambridge, UK). Details of dilution and producers are provided in [Table 2](#pone.0210702.t002){ref-type="table"}.

10.1371/journal.pone.0210702.t002

###### Antibodies used for protein analysis.

Abcam, Cambridge, U.K.

![](pone.0210702.t002){#pone.0210702.t002g}

  Antigen      Immuno-blot dilution   Imuno-fluorescence   ELISA &   Producer   Cat-\#
  ------------ ---------------------- -------------------- --------- ---------- ----------
  C1qR         1:5,000                1:100                1:2000    Abcam      ab134079
  ICAM1        1:1,000                1:100                1:2000    Abcam      ab2213
  β-defensin   1:1,000                1:100                1:2000    Abcam      ab14425
  MYD88        1:5,000                1:50                 1:1000    Abcam      ab2068
  ICOS         1:5,000                1:50                 1:1000    Abcam      ab133680
  ICOSL        1:5,000                1:50                 1:1000    Abcam      ab138354
  SOCS         1:5'000                1:100                1:1000    Abcam      Ab9870

Membranes were blocked for 1 hour (room temperature) in PBS containing 0.01% Tween-20 and 2% bovine serum albumin. The primary antibodies were added at concentrations indicated in [Table 1](#pone.0210702.t001){ref-type="table"} and incubated overnight at 4°C. Following 3 washes with blocking buffer, membranes were incubated with secondary species specific antibodies labelled with horse radish peroxidase for 1 hour. Unbound antibody was washed off by 3 washes with blocking buffer and protein bands were visualised by exposure to X-ray films.

GAPDH expression was used to normalize protein expression and estimated changes induced by the different treatments.

Semi-quantitative cell based ELISA for cell surface proteins {#sec010}
------------------------------------------------------------

Confluent cells were treated either with EPs 7630 or RV-16 or a combination for 24 hrs. Cells were then washed once with PBS and fixed for 2 x 5 minutes in 4% paraformaldehyde. 30 minutes after blocking the cells in PBS-tween20 (0.1%) and 2% bovine serum albumin the cell were incubated overnight (4°C) with one of the above listed antibodies [Table 2](#pone.0210702.t002){ref-type="table"}. Cells were then washed 3 x with PBS and incubated with a horseradish labelled secondary species specific antibody for 2 hours at room temperature. After additional washes with PBS bound antibodies were detected by adding 100 μl TMB-substrate for 15 minutes and the reaction was topped by adding 50 μl of 0.1 N HCl. The absorbance was read at 490 nm and the data is displayed as optical density arbitrary units. The method had been described earlier \[[@pone.0210702.ref037]\].

Immunofluorescence (IF) {#sec011}
-----------------------

For immunofluorescence analysis, cells were seeded in 8-well chamber slides (cat. 94.6140.802 Sarstedt AG, Sevelen, Switzerland). Following 24 hours serum deprivation cells were pre-treated with EPs 7630 for 60 minutes, followed by infection with RV16 (1 MOI/ml) for various time points (0, 1, 2, or 3 days). At the end of the infection period cells were fixed in 4% paraformaldehyde in PBS for 2 x 5 min. and immuno-fluorescence staining was performed as described previously \[[@pone.0210702.ref014]\]. Primary antibodies ([Table 1](#pone.0210702.t001){ref-type="table"}) were diluted 50-100-fold in 2% BSA-PBS and incubated at 4°C overnight, followed by 3 washes and subsequent staining with a PE-labelled goat anti-rabbit IgG secondary antibody or FITC-labelled goat anti-mouse IgG secondary antibody (Santa Cruz Biotechnology Inc, CA). Nuclei were stained by DAPI. Images were captured by EVOS FLoid cell imaging station and nuclei were stained for cell counting using the distributor's live cell reagent (NucBlue^TM^, cat R37605, Thermofisher Scientific).

Statistics {#sec012}
----------

The Null-hypothesis was: No effect of EPs 7630 on the expression of cell surface protein expression, rhinovirus infection or cell survival. Treated cells were compared to non-treated cells or rhinovirus infected cells. P-values were calculated by ANOVA or Student's t-test (paired, two-tailed) and p-values \< 0.05 were considered as significantly different from controls.

Results {#sec013}
=======

Using human primary bronchial epithelial cells and smooth muscle cells (control: n = 6; asthma: n = 6, COPD: n = 6) the effect of EPs 7630 on the expression of virus docking proteins and rhinovirus infection was assessed. The scheme for treatment of primary epithelial cells is shown in [Fig 1](#pone.0210702.g001){ref-type="fig"}.

EPs 7630 reduces RV16 infection and improves survival of host cells {#sec014}
-------------------------------------------------------------------

Epithelial cells were incubated with one infectious unit (IU) of RV16 for 24, 48, and 72 hours, after which the infection was determined by immunofluorescence staining for RV16. Infections periods shorter than 48 hours did not show significant effects on survival and RV16 positive hBEC. RV16 infection significantly reduced survival of hBEC over 48 hours and this effect was reduced when hBEC had been pre-incubated with EPs 7630 in a concentration dependent manner ([Fig 2A](#pone.0210702.g002){ref-type="fig"}). No disease specific effect was observed on the rescue effect of EPs 7630 or on RV16 infection.

![(A) Concentration-dependent preventive effect of EPs 7630 on hBEC number at 2 days after RV16 infection. (B) Concentration dependent reduction of RV16 positive (green) hBEC after 2 days. Bars represent mean ± S.E.M. of six cell lines in each group. Statistics were calculated as Student's paired t-test. \* indicates P\<0.05 compared to untreated hBEC (control) and \*\*indicate p\<0.05 compared to RV16 infected cells. Insert: PCR product for RV-16 in epithelial cells in the presence and absence of EPs 7630 over 24 hours. Complete data of survival and RV-positive cells is provided in the supporting information (Figs A and B in [S1 File](#pone.0210702.s001){ref-type="supplementary-material"}, Tables A and B in [S2 File](#pone.0210702.s002){ref-type="supplementary-material"}).](pone.0210702.g002){#pone.0210702.g002}

RV16 infection at 48 hours is depicted as representative phase-contrast microscopy photographs in [Fig 2A](#pone.0210702.g002){ref-type="fig"}. Before infection or drug treatment epithelial cells showed characteristic knobble-stone phenotype (Fig A in [S1 File](#pone.0210702.s001){ref-type="supplementary-material"}, t = 0). EPs 7630 alone (Fig A in [S1 File](#pone.0210702.s001){ref-type="supplementary-material"}, second row) did not alter the phenotype over 72 hours, while RV16 infection significantly reduced cell numbers (Fig A in [S1 File](#pone.0210702.s001){ref-type="supplementary-material"}, 3^rd^ row, 1^st^ photograph). When pre-incubated for 24 hours with EPs 7630, cell survival was increased after RV16 infection. RV16 infection was concentration-dependently reduced by EPs 7630 (Fig A in [S1 File](#pone.0210702.s001){ref-type="supplementary-material"}, 3^rd^ & 4^th^ row).

RV16 infection was also monitored by immune-fluorescence staining for RV16 and the intensity of the staining was quantified by a computer assisted image analysis program ([Fig 2B](#pone.0210702.g002){ref-type="fig"}). Furthermore, we depict a representative PCR-gel for the reduced expression of RV- RNA after 24 hours treatment with Eps 7630 ([Fig 2B](#pone.0210702.g002){ref-type="fig"}, insert). The results of RV16 -immunostaining showed a significant reduction of RV16 following 48 hours pre-incubation with EPs 7630 ([Fig 2B](#pone.0210702.g002){ref-type="fig"}). This protective effect was EPs 7630 was increasing with time and became significant for lower concentrations at 72 and 96 hrs (Fig B in [S1 File](#pone.0210702.s001){ref-type="supplementary-material"}). No disease specific effect was observed comparing the effect of EPs 7630 between control, asthma and COPD cells.

In [Fig 2C](#pone.0210702.g002){ref-type="fig"}, we show a representative PCR-product gel for the reduce RV-16 expression after 24 hours treatment with EPs 7630.

EPs 7630 reduced the expression of viral docking proteins on host cells {#sec015}
-----------------------------------------------------------------------

In primary hBEC pre-treatment with EPs 7630 for 24 hours had distinct effect on the expression of viral docking proteins. As shown in [Fig 3A](#pone.0210702.g003){ref-type="fig"}, EPs 7630 decreased the expression of ICOS below the base line level of untreated hBEC as determined by Western-blotting and subsequent image analysis of protein bands. The effect of the compound was concentration dependent and also occurred in hBEC which were infected by RV16 24 hours after treatment with EPs 7630 ([Fig 3A](#pone.0210702.g003){ref-type="fig"}). There was no significant difference of the overall beneficial effect of EPs 7630 in the three groups of hBEC. However, controls needed a 10x higher concentration of EPs 7630 to reduce ICOS expression ([Fig 3A](#pone.0210702.g003){ref-type="fig"}). RV16 infection alone slightly increased the expression of ICOS compared to untreated cells, but this effect was not significant ([Fig 3A](#pone.0210702.g003){ref-type="fig"}).

![Effect of EPs 7630 on ICOS (A) and ICOSL (B) expression by human primary bronchial epithelial cells following 1 day incubation. Bars represent OD. mean ± S.E.M.of six independent experiments in different cells lines of each group. "C" indicates untreated hBEC; \* indicate P-value \<0.05 compared to control; \*\* indicates P-value \< 0.05 compared to RV16 infected hBEC. "C" indicates untreated hBEC; \* indicate P-value \<0.05 compared to control; \*\* indicates P-value \< 0.05 compared to RV16 infected hBEC. Representative Immuno-blots are presented as inserts to Fig 3A and 3B and complete data of immuno-blots are shown in the supporting information (Tables A and B and Fig C in [S3 File](#pone.0210702.s003){ref-type="supplementary-material"}).](pone.0210702.g003){#pone.0210702.g003}

Similar to ICOS, the expression of its ligand ICOSL was reduced by EPs 7630 in a concentration dependent manner in all three hBEC groups ([Fig 3B](#pone.0210702.g003){ref-type="fig"}). The reducing effect of EPs 7630 on ICOSL expression was stronger in hBEC of asthma patients. RV16 infection had no effect on the expression of ICOSL ([Fig 3B](#pone.0210702.g003){ref-type="fig"}). The reducing effect of EPs 7630 (10 μg/ml) on ICOSL expression was also observed in RV16 infected hBEC ([Fig 3B](#pone.0210702.g003){ref-type="fig"}). Representative Immuno-blots are presented as inserts to [Fig 3A and 3B](#pone.0210702.g003){ref-type="fig"} and complete Immuno-blots are shown in the supporting information (Tables A and B and Fig C in [S3 File](#pone.0210702.s003){ref-type="supplementary-material"}).

Depicted by fluorescence microscopy, untreated hBEC expressed C1qR in the cytosol and the cell membrane ([Fig 4A](#pone.0210702.g004){ref-type="fig"}, t0). Three days after treatment with EPs 7630, the expression of C1qR was reduced and the remaining protein shifted into the cytosol ([Fig 4A](#pone.0210702.g004){ref-type="fig"}, second panel). RV16 infection stimulated the accumulation of C1qR in the cellular membrane in the majority of hBEC ([Fig 4A](#pone.0210702.g004){ref-type="fig"}, third panel). The reducing effect of EPs 7630 on C1qR and the relocation was not affected by RV16 infection ([Fig 4A](#pone.0210702.g004){ref-type="fig"}, fourth panel). The reducing effect of EPs 7630 on C1qR expression was confirmed by Western-blotting which showed a concentration dependent effect ([Fig 4B](#pone.0210702.g004){ref-type="fig"}). Western-blot image analysis suggested an increased C1qR expression in hBEC of asthma and COPD donors compared to healthy tissue donors. However, the overall inhibition of C1qR by EPs 7630 was documented in all groups ([Fig 4B](#pone.0210702.g004){ref-type="fig"}). Representative Immuno-blots are presented as inserts to [Fig 4A and 4B](#pone.0210702.g004){ref-type="fig"} and complete Immuno-blots are shown in the supporting information (Table A and Fig B in [S4 File](#pone.0210702.s004){ref-type="supplementary-material"}).

![(A) Representative immune-cytochemistry of C1qR localisation in the absence and presence of EPs 7630 or RV16 infection in primary human hBEC of healthy controls. Similar results were obtained in hBEC obtained from patients with moderate-severe asthma or COPD. (B) Semi-quantitative image analysis (ImageJ) of C1qR in six Western-blots in each donor group. Bars represent OD. mean ± S.E.M.of six independent experiments in different cells lines of each group. "C" indicates untreated hBEC; \* indicate P-value \<0.05 compared to control; \*\* indicates P-value \< 0.05 compared to RV16 infected hBEC. Representative Immuno-blots are presented as inserts to Fig 4A and 4B and complete data of immuno-blots are shown in the supporting information (Table A and Fig B in [S4 File](#pone.0210702.s004){ref-type="supplementary-material"}).](pone.0210702.g004){#pone.0210702.g004}

EPs 7630 increased the expression of anti-viral host defence proteins {#sec016}
---------------------------------------------------------------------

RV16 has been reported to affect the expression of β-defensin-2 and -3 as described above, but no data is available of its effect on β-defensin-1. In hBEC, RV16 infection did not significantly affect the expression of β-defensin-1 over a period of three days, while EPs 7630 concentration dependent increased its expression ([Fig 5A](#pone.0210702.g005){ref-type="fig"}). When hBEC were pre-treated with EPs 7630 and afterwards infected with RV16, the expression of β-defensin-1 was still up-regulated in all three donor groups ([Fig 5A](#pone.0210702.g005){ref-type="fig"}). The stimulatory effect of EPs 7630 on β-defensin-1 was stronger in cells obtained from patients with asthma or COPD, compared to controls ([Fig 5A](#pone.0210702.g005){ref-type="fig"}). The increase of β-defensin-1 by EPs 7630 could also be detected by immunofluorescence microscopy as shown in [Fig 5B](#pone.0210702.g005){ref-type="fig"}.

![(A) One day incubation with EPs 7630 stimulated the expression of the anti-viral cell surface protein β-defensin-1. "C" indicates untreated hBEC; \* indicate P-value \<0.05 compared to control; \*\* indicates P-value \< 0.05 compared to RV16 infected hBEC. (B) Representative immunofluorescence photographs of β-defensin-1 expression in primary human epithelial cells in the presence and absence of EPs 7630 at three days in primary human hBEC of healthy controls. Similar results were obtained in hBEC obtained from patients with moderate-severe asthma or COPD. Bars represent OD. mean ± S.E.M.of six independent experiments in different cells lines of each group. "C" indicates untreated hBEC; \* indicate P-value \<0.05 compared to control; \*\* indicates P-value \< 0.05 compared to RV16 infected hBEC. Representative Immuno-blots are presented as inserts to Fig 5A and 5B and complete data of immuno-blots are shown in the supporting information (Table A and Fig B in [S5 File](#pone.0210702.s005){ref-type="supplementary-material"}).](pone.0210702.g005){#pone.0210702.g005}

EPs 7630 increased the expression of a second host defence protein, SOCS1 in a concentration dependent manner as shown in [Fig 6A](#pone.0210702.g006){ref-type="fig"}. The increase of SOCS1 by EPs 7630 was similar in all three hBEC groups ([Fig 6A](#pone.0210702.g006){ref-type="fig"}). RV16 infection slightly reduced the expression of SOCS1 but the effect was not significant compared to untreated hBEC ([Fig 6A](#pone.0210702.g006){ref-type="fig"}). When cells were pre-treated for 24 hours with EPs 7630, the infection with RV16 had no significant effect on the increased expression of SOCS1 as shown in [Fig 6A](#pone.0210702.g006){ref-type="fig"}. Fluorescence microscopy confirmed the increase of SOCS1 in hBEC exposed to EPs 7630 for more than 24hours ([Fig 6B](#pone.0210702.g006){ref-type="fig"}).

![(A) Concentration dependent induction of SOCS-1 by EPs 7630 in the presence and absence of RV16 infection. Bars represent mean ± S.E.M. of six cell lines in each group. "C" indicates untreated hBEC; \* indicate P-value \<0.05 compared to control; \*\* indicates P-value \< 0.05 compared to RV16 infected hBEC. Data of immuno-blot analysis are presented in supporting information ([S6 File](#pone.0210702.s006){ref-type="supplementary-material"}). (B) Representative immunofluorescence image of SOCS1 at 48 hours in the presence and absence of EPs 7630 in primary human hBEC of healthy controls. Similar results were obtained in hBEC obtained from patients with moderate-severe asthma or COPD.](pone.0210702.g006){#pone.0210702.g006}

Discussion {#sec017}
==========

The presented data suggest that EPs 7630 reduces rhinovirus infection by modification of hBEC function. The beneficial effect of EPs 7630 on rhinovirus infection may be in part explained by the net-effect of the compound on reducing potential rhinovirus docking proteins and simultaneously increasing the expression of host defence systems. Thus, the infection rate will be reduced and intracellular killing of rhinovirus may be increased.

Pre-incubation with EPs 7630 significantly reduced the signal for RV16 infection in epithelial cells indicating that it reduces virus replication. These findings are in line with reports showing that EPs 7630 reduced the replication of influenza-A virus, respiratory syncytial virus, corona virus, parainfluenza virus and coxsackie virus \[[@pone.0210702.ref012]\]. The reduction of viral replication by EPs 7630 may explain the beneficial effects of the drug on acute respiratory tract infection in children \[[@pone.0210702.ref038]\], and the reduced frequency of exacerbation in COPD patients \[[@pone.0210702.ref039]\].

Cell membrane C1qR has been reported to mediate virus phagocytosis of enteroviruses which led to intracellular killing \[[@pone.0210702.ref023],[@pone.0210702.ref024]\]. Up-regulation of C1qR after 3 days treatment with a bacterial extract was reported earlier in human bronchial epithelial cells and was linked to reduced RV-16 infection \[[@pone.0210702.ref025]\]. In this study we observed that EPs 7630 down-regulated C1qR over three days in the same cell type. These results may be opposing, but both may lead to reduced virus infection. As long as the role of C1qR in viral infection is unclear, increased intracellular killing after phagocytosis as well as reduced docking of RV might result in lower infection of the host cells.

ICOS and its ligand ICOSL have been discussed as possible targets or tools to improve virus defence \[[@pone.0210702.ref038]\]. The fact that ICOS and ICOSL are expressed by different types of lung epithelial cells has been reported by others \[[@pone.0210702.ref018], [@pone.0210702.ref020], [@pone.0210702.ref040]\]. However, this is the first report demonstrating that expression of ICOS and ICOSL is reduced by an immune modulator such as EPs 7630 also when the cells were infected with RV16. This effect of EPs 7630 occurred together with the reduced infection rate of RV16, however, we have no proof in this study that both events are linked to each other.

In alveolar cells and hBEC, respiratory syncytial virus up-regulated ICOS expression and it was assumed that ICOS functions as a binding protein for viruses \[[@pone.0210702.ref018]\]. For other enteroviruses the increased expression of ICOS was reported on immune cells \[[@pone.0210702.ref041]\]. In other organs, epithelial cell specific expression of ICOS and ICOSL affected immune cell function and thereby contributed to host response \[[@pone.0210702.ref042]\]. The inhibition of ICOS and ICOSL have been discussed for some time also in regard to asthma associated host immune tolerance, however, yet a therapeutic application has to be developed \[[@pone.0210702.ref043]\].

The blockade of ICOS and ICOSL signalling by synthetic inhibitors such as ICOSLg have been reported in other diseases and in animal models \[[@pone.0210702.ref044], [@pone.0210702.ref045]\]. In both reports, the inhibition of ICOS/ICOSL significantly reduced inflammation. Furthermore, ICOSL stimulated proliferation of airway smooth muscle cells and its inhibition may reduce airway wall remodelling in asthma \[[@pone.0210702.ref021]\]. Thus, the down-regulated expression of ICOS and ICOSL on hBEC by EPs 7630 may have two beneficial effects in chronic inflammatory lung diseases: (i) it reduces the ability of rhinovirus to bind to the host epithelial cell surface and prevent infection, and (ii) it reduces immune cell mediated inflammation. Which of these two effects are responsible for the clinically reported reduced viral infections by EPs 7630 has to be investigated in future studies. However, direct evidence for pro-infectious effect of ICOS and ICOSL in virus infection is missing.

The effects of EPs 7630 on the expression of the above named host cells viral docking and defence proteins were more clearly seen when analysed by immunofluorescence then by immunoblotting. Thus, indicating that the compound modified the cell compartmental location of the viral docking and defence proteins within cells rather than inducing *de novo* synthesis.

The observations of modified expression of virus docking proteins in epithelial cells suggest that the application of EPs 7630 over several days may reduce the infection rate of rhinovirus. However, the presented data also indicate that this effect of EPs 7630 may be cell type specific. Further contribution to the beneficial effect of EPs 7630 on host defence against rhinovirus infection is the observation that β-defensin-1 and SOCS1 were up-regulated after 24 hours. These findings suggest that the host cells may be stimulated to execute intracellular killing of rhinovirus more effectively. The data may also explain the observed improvement of survival of the host cells when incubated for 1 day with EPs 7630 before infection with RV16. However, the role of SOCS1 in the defence against rhinovirus infection is unclear and the literature provides examples of pro-infectious effect, as well as for virus protection \[[@pone.0210702.ref046]--[@pone.0210702.ref048]\].

As described above, β-defensins have been described to reduce viral infections in different cell types. There is no information for the effect of rhinovirus infection on β-defensin-1. In hBEC, RV16 infection slightly reduced the expression of β-defensin-1, but the effect did not achieve significance. In contrast, EPs 7630 up-regulated the expression of β-defensin-1, in the absence and presence of RV16. The increased expression of β-defensin-1 correlated with the decreased infection of hBEC by RV16, but this study could not provide proof of a causal link of both events. Different β-defensins have been described to help with the clearance of viral or bacterial infections without stimulating inflammation, thus, they are interesting targets for the therapy of any infectious disease \[[@pone.0210702.ref048]\]. In other species, β-defensin-1 has been reported to act as an adjuvant for virus vaccination including influenza, hepatitis virus, herpes virus, and carp virus as summarised by Kalenik et al. \[[@pone.0210702.ref049]\]. However, the mechanisms of β-defensins by which they protect the host cells against infection have not been well studied.

In conclusion, EPs 7630 reduced viral docking proteins without showing any disease specific effect. These findings support the concept that EPs 7630 application is reducing the susceptibility of RV-infections. The above described molecular biological *in vitro* results may explain the clinically documented anti-viral benefits of EPs 7630 in patients with bronchitis, asthma and COPD. Thus, preventive usage by patients during seasonal virus epidemics may reduce the likelihood of infection as it was reported recently \[[@pone.0210702.ref050]\].
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**Figs** (A) Phase-contrast microscopy of primary human bronchial epithelial cells. Epithelial cells show knobble-stone phenotype (day 0). EPs 7630 alone, second row, did not alter the phenotype over 2 days; while RV16 infection significantly reduced cell numbers (3^rd^ row, 1^st^ photograph). When pre-incubated for 1 day with EPs 7630 cell survival was increased after RV16 infection. RV16 infection was documented by immunofluorescence-staining (green). Nuclei stained with DAPI (blue). (B) The effect of time and concentration on EPs 7630-mediated hBEC survival. Bars represent mean ± S.E.M. of six cell lines in each group. Statistics were calculated as Student's paired t-test. \* indicates P\<0.05 compared to untreated hBEC.
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Click here for additional data file.
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**Table A**: Number of surviving human bronchial epithelial cells after RV16 infection for 6 healthy controls (H01-H06), 6 asthma patients (A01-A06), and 6 COPD patients (CD01-CD06). **Table B**: Number of RV16 infected cells for the same patients presented in table A. Mean, S.D. and S.E.M. as well as Student's t-test were performed by Excel program.
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Click here for additional data file.
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**Tables A and B**: Optical density values derived from Fig C by image analysis (imageJ). Data is shown for the same patients shown in [S2 File](#pone.0210702.s002){ref-type="supplementary-material"}. Mean, S.D. and S.E.M. as well as Student's t-test were performed by Excel program. **Fig C**: Representative Western-blots of ICOS and ICOSL. Protein bands used to calculate optical density values presented in Tables A and B are marked by brackets.
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Click here for additional data file.
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**Table A**: Optical density values derived from Fig B by image analysis (imageJ). Data is shown for the same patients shown in [S2 File](#pone.0210702.s002){ref-type="supplementary-material"}. Mean, S.D. and S.E.M. as well as Student's t-test were performed by Excel program. **Fig B**: Representative Western-blots of C1qR. Protein bands used to calculate optical density values presented in Table A are marked by brackets.
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**Table A**: Optical density values derived from Fig B by image analysis (imageJ). Data is shown for the same patients shown in [S2 File](#pone.0210702.s002){ref-type="supplementary-material"}. Mean, S.D. and S.E.M. as well as Student's t-test were performed by Excel program. Fig B: Representative Western-blots of β-defensin1. Protein bands used to calculate optical density values presented in Table A are marked by brackets.
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**Table A**: Optical density values for SOCS1 obtained by cell based ELISA in the same patients shown in [S2 File](#pone.0210702.s002){ref-type="supplementary-material"}. Mean, S.D. and S.E.M. as well as Student's t-test were performed by Excel program.
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Click here for additional data file.
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